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Abstract
Communication between the brain cells is fundamental to the mechanism by which neurons generate brain function. This communication generally occurs by the release of chemical substances called neurotransmitters. Discovery of short chain of amino acids that are active in nervous system and later termed as 'neuropeptide', further revolutionized the study of neural compartment. In some cases they transmit signals between nerve cell and in some cases also serve as hormone. 
Arginine vasotocin (AVT) and mesotocin (MT) are avian neurohypophysial peptides that belong to 16 membered family of neurohormones found among vertebrates. These two neurohormones are analogous to mammalian Arginine vasopressin (AVP) and Oxytocin (OT) respectively. Vasopressin and oxytocin turn out, to be an example of a family of peptides whose structure is well conserved across a wide range of species. Unlike mammals where both these hormones perform individual function of water balance and parturition, in birds, AVT performs dual function of antidiuretic and oxytocic hormone, while role of MT remains unclear. AVT is synthesized in the hypothalamic paraventricular (PVN) and supra optic nucleus (SON), transported to posterior pituitary through hypothalamo-hypophysial tract and from there these neuropeptides are secreted in the peripheral circulation in response to appropriate physiological stimuli. 
Availability of AVT mRNA sequence of chicken has revolutionized the study of involvement of AVT in regulation of various physiological events at the genetic level. Recent cloning of two vasotocin receptors designated as VT1 receptor; expressed in brain and shell gland and VT1a receptor expressed in the pituitary has further facilitated the study of AVT and its physiology. Experimental study described in the present thesis was undertaken to investigate physiological role of AVT hormone and the expression of AVT gene in hypothalamus of two poultry species chicken and Japanese quail in relation to osmotic stress and oviposition. This research work for the first time will investigate expression of AVT and AVT receptor genes in the hypothalamus as well as in shell gland (uterus), in response to egg laying. Effect of in ovo administration of sex steroids on development of vasotocinergic system in chicken has also been studied in detail. This project will provide an insight in understanding of these biological phenomenon at the gene level. 
Specific objectives of present thesis are as follows: 1. To investigate age, sex and species dependent effect of osmotic stimulation (water deprivation) on hypothalamic AVT gene expression. 2. To analyse the effect of sex steroid on dehydration induced expression of hypothalamic AVT gene. 3. To study and establish temporal relationship of expression of AVT and its receptor gene in hypothalamus and shell gland in relation to oviposition. 4. To determine the response of vasotocinergic neurons of different hypothalamic nuclei following in ovo administration of sex steroids in response to various developmental stages. 
The thesis work has been divided into four chapters preceeded by review of literature. Methodology used for present investigation are northern blot analysis, in situ hybridization, reverse transcriptase - polymerase chain reaction (RT-PCR), immunohistochemistry, osmometry and radioimmunoassay. 
Chapter 1: Age and sex dependent variation of Arginine vasotocin gene in response to water deprivation in chicken and Japanese quail. 
To investigate and compare age and sex dependent central and peripheral effects of osmotic stress, sexually immature (young) and mature (adult) chicken (Gallus gallus domesticus) and Japanese quail (Coturnix coturnix japonica) of both the sexes were water deprived for four days. Both young and adult quail of the two sexes exhibited significant loss in body weight and increase in plasma osmolality compared to their hydrated controls. More or less similar effect was noted in chicken although degree of difference varied between two age groups and sexes when compared to that of quail. Northern blot analysis indicated 1.24 & 1.94 fold increase in AVT transcripts of water deprived adult male and female and 1.45 & 1.42 fold increase in young male and female quail respectively. On the other hand, 1.27 & 1.6 and 1.44 & 1.65 fold increase was observed in water deprived adult and young male and female chicken respectively compared to controls. 
Present study indicates difference in the response of hypothalamic AVT system of sexually immature and mature birds following osmotic stimulation. Since young ones are more adversely affected in terms of peripheral effects (body weight loss) it is quite reasonable to suggest a possible role of sex steroids in body homeostasis. Smaller species with less surface area appear to be affected more than those with larger surface area. When comparing two sexes, females are affected more adversely than their male counterparts which may be attributed to increased requirement of AVT to perform dual function of water balance as well as oviposition. At the peripheral level decrease in body weight after water deprivation was more in young birds compared to adult, suggesting that sensitivity of AVT system to osmotic stress is higher in adults, hence they are relatively less affected compared to young ones which are more adversely affected. It is concluded that osmotic stress induced by water deprivation is a potent stimulator for hypothalamic AVT gene expression in chicken and Japanese quail and response of AVT system varies with the reproductive age and sex of the birds. 
Chapter 2: Expression of hypothalamic arginine vasotocin gene in response to dehydration and sex steroid administration in female Japanese quail. 
To study the effect of sex steroid administration coupled with dehydration on hypothalamic AVT gene expression of sexually immature Japanese quail, three weeks old female Japanese quail maintained under short days (8L:16D), were divided into 4 groups [Control (C), Water deprived (WD) for 2 days, Testosterone propionate (TP) treated (1mg/day for 16 days), Testosterone propionate treated + Water deprived for 2 days (TP + WD)]. Aim of the study was to observe the effect of water deprivation and testosterone treatment independently, as well as simultaneously on hypothalamic AVT system. 
A significant increase in plasma osmolality, sodium ion concentration and AVT was observed following water deprivation, but administration of sex steroids has no significant influence on these parameters. However, number as well as size of ir - AVT neurons and hybridization signals (in the form of silver grains representing AVT mRNA in corresponding neurons of paraventricular nuclei) along with hypothalamic AVT transcript (northern analysis) increased significantly in all the treated groups compared to control. These findings indicate that although testosterone administration has no effect on plasma osmolality and AVT concentration unlike water deprivation, but it may affect AVT neurons of PVN, supporting the possibility of sex steroid receptors on these neurons. It is concluded that in quail, osmotic stress not only up regulates the expression of AVT gene but also causes AVT release by increasing the rate of its synthesis in PVN neurons, while sex steroid appears to have an effect in these neurons only at the level of transcription and hence influences / modulates hypothalamic AVT gene expression in response to osmotic stress. This study also indicates the influence of breeding status on hypothalamo- neurohypophyseal axis (AVT system) of quail and further suggests the interrelationship of AVT and reproduction in birds. Chapter 3: Expression of AVT and its receptor gene in relation to egg laying in chicken and Japanese quail. 
Number of reports indicate increased plasma AVT concentration in relation to oviposition supporting its oxytocic role in avian physiology. But no information is available on the expression of AVT gene in both hypothalamus and shell gland in relation to oviposition and its co-relatation with vasotocin receptor gene expression in shell gland. In view of above following two sets of studies were performed. 
(A). Expression of hypothalamic AVT gene in response to egg laying in chicken and Japanese quail. For this experiment actively laying quail were constantly monitored for 2-3 weeks to check the egg laying pattern and exact time of oviposition. One set of quail were sacrificed just before egg laying and another set immediately after egg laying. Hypothalamus of these quail were processed for total RNA extraction followed by northern blot analysis to detect AVT transcript. Following normalization with house keeping gene GAPDH, results indicated a remarkable increase in amount of AVT transcript prior to oviposition which falls significantly after the egg is laid. A similar experiment was also performed in chicken but unlike quail, the difference in AVT transcript before and after egg laying was not obvious. Hence another experiment was performed with modified protocol. White leg horn hens having a regular laying cycle of 6-7 days were used in this experiment. Expression of hypothalamic AVT gene was studied 2 hours before (-2 hr), immediately after (0 hr) and 2 hours after egg laying (+2 hr). 
Our results indicate a significant increase in plasma AVT concentration at the time of egg laying (78.7 ? 12.4), which remain in basal condition 2 hr before (13.3 ? 1.6) and 2 hr after egg laying (14.1 ? 2.9). Plasma osmolality and other ionic concentration did not vary in response to egg laying in chicken. Northern blot analysis showed an increase in hypothalamic AVT transcript at the time of egg laying which remained low 2 hour before and 2 hour after egg laying. Low levels of AVT mRNA (in situ hybridization) in the magnocellular neurons of PVN, observed 2 hr before egg laying increased remarkably at the time of egg laying, followed by a decrease 2 hr after egg is laid. The number of ir- AVT neurons and immunostaining also increased significantly in PVN at the time of oviposition compared to that of 2 hr before and 2 hr after egg laying. 
(B). Expression of shell gland AVT and its receptor gene in response to egg laying in chicken Changes in expression of AVT and its receptor gene in shell gland of chicken was also studied 2 hours before (-2 hr), immediately after (0 hr) and 2 hours after egg laying (+2 hr). In view of relatively few copies of AVT / AVT receptor (VT1) transcript in the shell gland, RT-PCR was performed. To detect very low signals of immunofluoroscent - AVT, sections of the shell gland were studied using confocal laser microscope. Our results indicate increased expression of AVT gene in shell gland 2 hr prior to oviposition which declines sharply immediately after egg laying and remained low until 2 hr after egg laying. Contrary to this, AVT receptor gene expression is up regulated immediately after egg laying which remains low 2 hours before and 2 hours after egg laying. 
Findings of the above two studies indicate physiological and temporal relation of AVT gene expression at the central (hypothalamic) and peripheral (shell gland) level. While endocrine function of hypothalamic AVT via its release from neurohypophysis is well documented, we suggest a paracrine role of shell gland AVT in causing contraction of uterine smooth muscles via some factors like prostaglandins and also by influencing number / sensitivity of shell gland receptors of AVT (VT1) directly or indirectly. This study indicates a physiological interrelationship of AVT gene expression at the central (hypothalamus) and peripheral (shell gland) level suggesting the co-ordination of endocrine and paracrine release of AVT with that of its receptors for expulsion of egg. 
Chapter 4: In ovo administration of sex steroid alter vasotocin synthesis in hypothalamic magnocellular and parvocellular neurons of chicken. 
Present study was performed to check the effect of in ovo administration of sex steroids on expression of AVT gene in magnocellular (SON and PVN) and parvocellular neurons of sexually dimorphic nuclei, the bed nucleus of stria terminalis (BnST) in chicken. Sex steroids (estradiol benzoate / testosterone propionate; 20 ?g / egg) were administered in chicken egg at day 6 of incubation (E6), and effect was monitored on the expression of AVT gene both transcriptionally (in situ hybridization) and translationally (immunohistochemistry) during embryonic development (E18) and after hatching at day 7, 21 and 40. 
It has already been reported by other workers that from embryonic day 14 (E14) onwards, BnST starts exhibiting sexual dimorphism and ir - AVT can not be located in this region of the hypothalamus of female chicken. However, AVT transcript can be detected in this nuclei up to D35 post hatch. But so far no report is available indicating role of in ovo administration of sex steroids in sexual dimorphism of AVT system in developing brain. Present study for the first time indicates that in ovo administration of sex steroid can alter the expression of AVT gene in both magnocellular as well as parvocellular group of neurons. Following in ovo administration of sex steroid, the ir - AVT which was not observed after E14 in control females, was detectable even up to D40. Further, estradiol was more potent in increasing the amount of AVT transcript in BnST during different stages of development except at D40 when testosterone appeared more effective. 
Altered expression of AVT gene in BnST following in ovo administration of sex steroids, may be due to its sexually dimorphic nature and supports the role of BnST in reproductive behaviour. Further, a single injection (in ovo) of sex hormone during early embryonic stage (s) modulates activity of vasotocinergic neurons by altering the expression of AVT gene as well as its secretion in the developing brain of chicken. These findings also support the possibility of presence of sex steroid receptors on AVT neurons. Moreover, administration of sex steroids appears to have an irreversible and long lasting effect on AVT neurons of SON, PVN and sexually dimorphic BnST nuclei. It is concluded that vasotocinergic system of developing brain is sensitive to sex steroids which appear to have a long lasting effect on the activity of hypothalamic AVT neurons and thus supports possible role of AVT in reproduction in addition to its established role in water balance. 
In Summary, increased synthesis and secretion of AVT hormone from magnocellular neurons of hypothalamus following osmotic stimulus, which varies with the age and sex of the species, may be altered by sex steroids / breeding condition of the bird. Taking in account oxytocic function of AVT it is further stated that both endocrine and paracrine release of AVT from hypothalalmus and shell gland respectively, controls oviposition in co-ordination with expression of its receptor gene in shell gland. Further, administration of sex steroids at early embryonic / developmental stage(s) alters AVT transcript / synthesis in both parvocellular sexually dimorphic (BnST) and magnocellular neurons (SON, PVN). It is concluded that in addition to its classic / established role as a hormone in water balance, paracrine release of AVT also influences / regulates reproductive behaviour including oviposition. Further, both endocrine (hypothalamic) and paracrine (BnST, shell gland) synthesis / release of AVT may be modulated by sex steroids indicating role of AVT in reproduction. 


